Inverted papillomas of the skin occurred in five dogs. Lesions were 1-2 cm, circumscribed, flasklike structures below the level of the surrounding normal skin. Walls of the structures consisted of hyperplastic epidermis, forming thin papillary projections on thin fibrovascular stalks. Cells in the stratum granulosum had clear cytoplasm, numerous keratohyalin-like granules of various sizes, and poorly defined intranuclear inclusions. These cells stained positively for papillomavirus group-specific antigens by both the peroxidase-antiperoxidase and avidin-biotin methods. Virions with a mean diameter of 35.7 nm were present within nuclei in cells of the stratum granulosum when examined by electron microscopy. In situ DNA hybridization, using a canine oral papillomavirus probe, localized papillomavirus DNA in canine oral papillomas, but not in canine cutaneous squamous or inverted papillomas, suggesting that a different papillomavirus type was present in the latter lesions. Although these lesions resembled intracutaneous cornifying epitheliomas (keratoacanthomas), they appear to be a distinct lesion, probably with a different etiology
Dogs develop a variety of cutaneous neoplasms; the etiology of many are unknown. Papillomavirus antigens have been detected in cutaneous squamous papillomas and some squamous cell carcinomas, but not in canine intracutaneous cornifying epitheliomas, trichoepitheliomas, pilomatrixomas, or sebaceous adenomas. 16 We describe here five cases of inverted papillomas in dogs which superficially resemble intracutaneous cornifying epitheliomas (keratoacanthomas), are morphologically distinct from the common cutaneous squamous papilloma, and contain papillomavirus antigens.
Materials and Methods
Surgical biopsies from five dogs were fixed in 10% neutral buffered formalin, processed routinely, embedded in paraffin, sectioned at 6 pm, and stained with hematoxylin and eosin (HE). Serial sections were tested for the presence of papillomavirus group-specific antigens by both the peroxidaseantiperoxidase (PAP)16 and avidin-biotin complex (ABC) techniques. Tissues removed from paraffin blocks of three cases were reembedded in epon-araldite, sectioned, and examined in an electron microscope to confirm the presence of virus.
Sections for in situ hybridization were deparaffinized, treated with a prehybridization mixture of 50% deionized formamide in 0.3 M NaCl and 0.03 M Na, citrate, and incubated with the hybridization mixture.6 The hybridization mixture was prepared using cloned canine oral papillomavirus DNA24, nick translated in the presence of 66.8 pmoles ,%-labelled dATP.I3J7 The resulting 35S-labelled DNA had a specific activity of greater than 1 x lo8 cpmhg. Following a 4-hour incubation with the hybridization mixture, the sections were rinsed, dehydrated with ethanol, and applied to NTB-2 nuclear track emulsion (Kodak). The emulsion was exposed for 7 days, slides developed in a 1 : 1 mixture of D-19 (Kodak) and H,O, rinsed in 1 O/o glacial acetic acid, fixed in Kodak Rapid Fix, stained with toluidine blue in 0.1 M Na borate, and coverslipped with Glycergel. l6 For comparison, HE-stained sections of a canine cutaneous squamous papilloma and an intracutaneous cornifying epithelioma were examined. These sections had previously been tested for the presence of papillomavirus group-specific antigens by the PAP technique.16
Results
Minimal clinical information was available for these cases ( Table 1 ). Four of the dogs were males. Ages ranged from 8 months to 3 years. Lesions were located on the ventrum (inguinal region and abdomen).
Lesions in all dogs were very similar and presented as raised, firm, cutaneous masses with a small pore opening to the surface of the skin. Microscopically (Fig.  l) , the masses consisted of numerous long papillary projections of hyperplastic stratified squamous epithelium, supported by thin fibrovascular stalks. The lesions invaginated into the dermis and were well circumscribed, surrounded by layers of compressed connective tissue. The stratum basale adjacent to the fibrovascular stalks was hyperplastic, with a moderately high mitotic index (2-5/high power field). There was a normal epithelial maturation sequence, with layers of keratin surrounding the papillary projections and filling the lumen. Many cells in the stratum granulosum were swollen (Fig. 2 ). Cytoplasm of these cells did not stain with eosin and contained numerous dark basophilic keratohyalin-like granules of various sizes. Nuclei of these cells were centrally located; many contained poorly defined circular eosinophilic structures surrounded by a clear halo and marginated chromatin. These resembled inclusions formed by papillomaviruses in other canine lesions. Papillomavirus groupspecific antigens were detected in these cells using the peroxidase-antiperoxidase (PAP) and avidin-biotin complex (ABC) techniques ( Fig. 3) . When tissues were examined by electron microscopy, the nuclei contained numerous uniform, round, electron dense structures with a mean diameter of 35.7 nm (Fig. 4) . These structures were distributed throughout the nuclei of cells in the stratum granulosum and resembled the virions of papillomaviruses found in other lesions. Canine oral papillomavirus DNA was localized by in situ hybridization, using a homologous DNA probe in cells containing oral papillomavirus antigens. Using this probe, no hybridization was detectable in canine cutaneous squamous papillomas or inverted papillomas. By comparison, the canine cutaneous squamous papilloma examined had an exophytic growth pattern with multiple papillary projections of hyperplastic stratified squamous epithelium on thin fibrovascular Avidin-biotin complex. stalks (Fig. 5 ). Typical papillomavirus cytopathic effects were present in the stratum granulosum (Fig. 6 ), and these cells stained positivelyI6 for papillomavirus group-specific antigens. The intracutaneous cornifying epithelioma invaginated into the dermis, was keratinfilled with a central pore opening to the surface of the skin, and had a thick epithelial wall (Fig. 7) . Cytopathic changes were not observed in the epithelial cells of the wall (Fig. 8) . The intracutaneous cornifying epithelioma did not contain papillomavirus group-specific antigens when examined by the PAP technique. l 6 Discussion Papillomas are characterized by numerous thin fibrovascular stalks covered by hyperplastic epithelium. The growth pattern may be exophytic, as in the cutaneous squamous papilloma of the dog, with the projections extending above the surface of the skin, or endophytic (inverted), with the projections extending into the dermis and hypodermis. Inverted papillomas commonly occur in the nasal cavity and paranasal sinuses of humans and have also been found in the urinary bladder. [1] [2] [3] 9 Human papillomavirus antigens (HPV) were found in one case of an inverted papilloma of the nasal cavity. l 8 Cytopathic effects of papillomaviruses include dyskeratosis of the superficial epithelium and the presence of koilocytotic cells.
Inverted papillomas have also been described in the skin of African elephants.' A herpesvirus was associated with those papillomas. To the best of our knowledge, inverted papillomas of the skin have not been described in dogs.
Inverted papillomas have features similar to intracutaneous cornifying epitheliomas ( Fig. 7) in dogs. Both are cyst-like structures containing keratin and having a centrally located pore opening to the surface of the skin. However, the intracutaneous cornifying epithelioma does not have papillary projections of epidermis into its lumen. The wall of an intracutaneous cornifying epithelioma consists of a thick layer of well-differen-tiated, stratified squamous epithelium. Within this wall are numerous circular areas filled with laminated keratin.I4J5 Papillomaviruses (or viral DNA) have been detected in intracutaneous cornifying epitheliomas (keratoacanthomas) in humansI2 and Mastomys natalensis. However, papillomavirus antigens have not been detected in canine intracutaneous cornifying epitheliomas. 16 Epithelial cells of canine intracutaneous cornifying epitheliomas maintain their usual polarity and orderiy maturation sequence; cytopathic changes consistent with probable papillomavirus infection have not been reported.14 The cytopathology due to papillomavirus infection is very characteristic in paraffin sections (Fig. 4) . Swollen cells are found in the stratum granulosum. These have been called clear cells or pale cells in cutaneous fibropapillomas of cattle4 and papillomas of h o r s e~.~ Affected cells have been called koilocytes in condyloma of the human cervix.* These characteristic changes were evident in all five cases of canine inverted papillomas. Affected cells had nuclei which stained positive for papillomavirus group-specific antigens and contained virions demonstrable by transmission electron microscopy.
The number of cases in the present study is too small to make predictions on age, breed, or sex predispositions for inverted papillomas. The majority of intracutaneous cornifying epitheliomas occur on the dorsum (back, neck, thorax, and shoulders) in purebred male dogs less than 5 years ~l d . '~, '~ There is no known age, breed, or sex predisposition for cutaneous squamous papillomas in dogs. These tumors can occur anywhere on the body. 19 The specific papillomavirus type in these lesions could not be identified, since frozen tissue was not available for more detailed molecular characterization. It is likely that the virus is different from the characterized canine oral papillomavirus, since the lesion affects the skin rather than the oral mucous membranes, and a radiolabeled canine oral papillomavirus DNA probe did not hybridize with the viral DNA in paraffin sections of inverted papillomas, but did in sections of oral papillomas.
